The dynamic properties of RNA interference (RNAi) in cancer biology have led investigators to pursue with significant interest its role in tumorigenesis and cancer therapy. We recently reported that decreased expression of key RNAi enzymes, Dicer and Drosha, in epithelial ovarian cancers was associated with poor clinical outcome in patients. Dicer expression was also functionally relevant in that targeted silencing was limited with RNAi fragments that require Dicer function compared with those that do not. Together, this and other studies suggest that RNAi machinery expression may affect key pathways in tumorigenesis and cancer biology. Understanding alterations in the functional RNAi machinery is of fundamental importance as we strive to develop novel therapies using RNAi strategies. Cancer Res; 70(7); OF1-4. ©2010 AACR.
does not require processing by the Drosha-DGCR8 complex. Mature miRNAs and siRNAs are then activated through the RNA-induced silencing complex (RISC), which produce host mRNA degradation and/or translational repression upon binding to the target. Exogenous constructs of either siRNAs or short hairpin RNAs (shRNA) can also be introduced into cells through transfection ( Fig. 1 ; refs. 6, 7). ShRNAs are introduced through viral vectors to produce stable gene silencing, whereas siRNA transfections are more transient. Through these applications, RNAi has been a critical asset for investigators to dissect and identify pathways associated with cancer development and spread.
The importance of miRNAs in human diseases, including cancer, is becoming more apparent with recent discoveries. Genetic analyses have shown altered expression of miRNAs in many human cancers. For example, altered expression of the let-7, miR-15a, and miR-16-1 miRNA families have been shown to lead to the development and progression of multiple malignancies, including lung, breast, ovary, leukemia, and cervical (2) . In addition, expression profiles of miRNA clusters show potential utility as prognostic variables in these and other malignancies (4, 8) , thus, strengthening the critical need to decipher the functional role of miRNAs in cancer pathogenesis. On the basis of these and other studies, we asked whether the differential expression of RNAi processing machinery could parallel the clinical associations observed with patient outcome. To answer this question, we examined a large cohort (N = 111) of ovarian cancer specimens for Dicer and Drosha expression (9) . Interestingly, expression of either enzyme was decreased in a substantial proportion of ovarian cancers compared with normal ovarian epithelium (9) . Moreover, 39% of the tumors had decreased levels of both Dicer and Drosha (9) . We also reported that expression levels of Dicer or Drosha were associated with patient outcome. In univariate analysis, low Dicer mRNA levels were associated with advanced tumor stage (P = 0.007), and low Drosha with suboptimal tumor cytoreduction (P = 0.02), a poor prognostic factor in ovarian cancer (9) . Decreased expression of one or both enzymes was also associated with decreased patient survival (9) . For example, the median overall survival of patients with low tumoral Dicer expression was 2.33 years versus 9.25 years for those with high expression (P < 0.001; ref. 9). Low Drosha expression was also associated with decreased patient survival. These poor survival outcomes were also validated in independent data sets of patients with ovarian, breast, and lung carcinoma (9) . Others have examined the role of RNAi machinery expression in tumor types such as lung (10, 11) , esophageal 12) , and prostate cancers (13). Karube and Chiosea reported similar findings in lung cancer patients as observed in our study (10, 11) . However, high Dicer expression was a poor prognostic factor in patients with prostate and esophageal carcinoma (12, 13) . The differences in these reports have not been fully elucidated; however, these data suggest that RNAi regulatory processes may be tumor specific. Although not reported in our study, other components in the RNAi cascade may also play a critical role in affecting patient outcome. For example, deficiency in Exportin-5 may limit miRNA production as showed by Yi and colleagues (14) . The Argonaute family of binding proteins, which are critical to host RNA degradation via RISC may also regulate upstream RNAi machinery, thereby, reducing miRNA function (15) .
The functional role of most miRNAs is largely unknown as their imperfect complementarity seems to afford multiple target binding, leading to difficulty in identifying miRNA target genes (16) . However, investigators continue to make progress in surpassing this difficult challenge as recently reported by Chi and colleagues (17) . Nevertheless, the importance of these RNAs has become more evident in human cancer. For example, altered miRNA expression has been linked to inhibiting or promoting the activity of key tumor-suppressor genes or oncogenes, such as p53 or MYC, respectively, thereby leading to tumor formation in preclinical models (2, (18) (19) (20) . Therefore, we asked whether Dicer expression could affect the efficiency of miRNA production in cancer cells and possibly explain prior associations discovered with poor patient outcome. We examined the functional relevance of RNAi machinery in ovarian cancer cells with variable Dicer expression and showed that silencing the galectin-3 gene in ovarian cancer cells with low Dicer was successful only by using siRNA, but not with the longer shRNA fragments (9) . In cells with high Dicer, no significant differences between both models were observed.
In addition to identifying components critical to key pathways in tumor formation and progression, RNAi has become an invaluable tool for cancer therapeutics. Although many new therapeutic targets have been identified, it is not possible to target all of these with conventional approaches such as small molecule inhibitors or fully humanized antibodies. MiRNAs may offer an advantage in this case because of effects on multiple downstream pathways or targets (4). Moreover, most small molecule inhibitors lack specificity and can be associated with intolerable side effects. Similarly, although monoclonal antibodies have shown promise against specific targets such as VEGF, their use is limited to either ligands or surface receptors. Therefore, RNAi has recently become a powerful tool not only in protein function delineation and gene discovery, but also in drug development.
The transition of RNAi technology from the laboratory to the clinic has been difficult, but promising. Several types of RNAi applications have been used in therapy in which RNA sequences are administered in vitro and/or in vivo. One popular method involves the use of viral vectors for incorporation of the miRNA (or shRNA) sequence into the cell. Delivery applications that are currently used in laboratory and clinical research include adeno-associated viral (AAV), lentiviral, adenoviral, and retroviral vectors (19, (21) (22) (23) . In addition to diseases such as HIV, viral systems are being developed for cancer therapy. For example, AAV miRNA vectors have successfully been shown to inhibit tumor growth in an in vivo liver cancer model (19) . Similar findings have been reported in leukemia, lung, and prostate models (2, 24, 25) . Although minimal host toxicities were observed in murine models using viral systems, other studies suggest potential limitations may develop owing to the requirements for RNAi processing machinery in normal organ function. For example, Grimm and colleagues reported significant morbidity and mortality in murine models when administering shRNA viral vectors (26) . The authors suggested that exogenous delivery of viral vector shRNA constructs may "overwhelm" the endogenous miRNA competition for RNAi maturation (26) . In cells with low machinery expression, as reported in our article, these scenarios could have detrimental effects in host toxicity and therapeutic efficacy, thereby, favoring an alternative strategy that would bypass the cellular RNAi machinery.
The emergence of novel nonviral therapeutic applications, such as nanoliposomes, to deliver siRNA constructs has also become widely accepted and promising for future clinical development. Evidence suggests that siRNA constructs can deliver long duration of target inhibition as well as reduced toxicity compared with some of the other approaches. However, the delivery of siRNA constructs has been challenging and the rate-limiting step for in vivo therapy. Delivery methods that are effective for other nucleic acids are not necessarily always effective for RNAi delivery. Early attempts at delivery of "naked" siRNA, high-pressure siRNA injections, and intratumoral injections have been investigated with limited success. A highly promising option involves incorporating siRNA into nanoliposomes prior to in vivo delivery. Liposomes are a form of nanoparticles that function as carriers and act as a slow-release carrier for the drug in diseased tissue. Prior studies from our laboratory have showed effective in vivo delivery of gene-specific siRNA sequences incorporated into neutrally charged nanoliposomes for a range of targets in ovarian cancer models (27) (28) (29) . In addition to minimal host toxicity, we observed remarkable gene-specific silencing. To date, this method has been validated in other laboratories as an effective therapeutic approach in colorectal, melanoma, and pancreatic cancer models (30) (31) (32) . The neutral nanoliposomes with siRNA were delivered through either the intravenous or intraperitoneal route. Although not a complete list, several clinical trials are ongoing with siRNA therapeutics including patients with either macular degeneration, AIDS, pachyonychia congenital, malignant melanoma, acute renal failure, or hepatitis B (33) . To the best of our knowledge, however, such trials using systemic delivery of siRNA for treatment of cancer patients remain to be initiated.
In summary, RNAi applications have become one of the most powerful tools for biomedical research today and may be the novel application needed for advancing cancer therapy. Recently, we reported that RNAi machinery expression has a direct impact on survival in patients with ovarian cancer. Furthermore, as we devote future research toward 
